Adipose tissue is one of the major sites for fatty acid synthesis and lipid storage. We generated adipose (fat)-specific ACC1 knockout (FACC1KO) mice using the aP2-Cre/loxP system. FACC1KO mice showed prenatal growth retardation; after weaning, however, their weight gain was comparable to that of wild-type (WT) mice on a normal diet. Under lipogenic conditions of fasting/re-feeding a fat-free diet, lipid accumulation in adipose tissues of FACC1KO mice was significantly decreased; this is consistent with a 50 -66% reduction in the ACC activity in these tissues compared with that of WT mice. Surprisingly, FACC1KO mice manifested skeletal growth retardation phenotype accompanied by decreased chondrocyte proliferation in the growth plate and lower trabecular bone density. In addition, there was about a 30% decrease in serum insulin-like growth factor I (IGF1), and while the serum leptin level was decreased by about 50%, it did not counteract the osteopenic effects of IGF1 on the bone. Fatty acid analyses of mutant bone lipids revealed relatively higher levels of C18:2n-6 and C18:3n-3 and lower levels of their elongation C20 homologs than that of WT cohorts, leading to lower levels of C20 homologs and bone development. Moreover, aP2-Cre-mediated ACC1 inactivation in bone tissue led to a decreased number of osteoblasts but not of osteoclasts. The downregulation of ACC1 on osteoblastogenesis may be the cause for the osteopenia phenotype of FACC1KO bone homeostasis.
Adipose tissue is one of the major sites for fatty acid synthesis and lipid storage. We generated adipose (fat)-specific ACC1 knockout (FACC1KO) mice using the aP2-Cre/loxP system. FACC1KO mice showed prenatal growth retardation; after weaning, however, their weight gain was comparable to that of wild-type (WT) mice on a normal diet. Under lipogenic conditions of fasting/re-feeding a fat-free diet, lipid accumulation in adipose tissues of FACC1KO mice was significantly decreased; this is consistent with a 50 -66% reduction in the ACC activity in these tissues compared with that of WT mice. Surprisingly, FACC1KO mice manifested skeletal growth retardation phenotype accompanied by decreased chondrocyte proliferation in the growth plate and lower trabecular bone density. In addition, there was about a 30% decrease in serum insulin-like growth factor I (IGF1), and while the serum leptin level was decreased by about 50%, it did not counteract the osteopenic effects of IGF1 on the bone. Fatty acid analyses of mutant bone lipids revealed relatively higher levels of C18:2n-6 and C18:3n-3 and lower levels of their elongation C20 homologs than that of WT cohorts, leading to lower levels of C20 homologs and bone development. Moreover, aP2-Cre-mediated ACC1 inactivation in bone tissue led to a decreased number of osteoblasts but not of osteoclasts. The downregulation of ACC1 on osteoblastogenesis may be the cause for the osteopenia phenotype of FACC1KO bone homeostasis.
fat-specific ACC1 knockout ͉ osteoblastogenesis A cetyl-CoA carboxylase 1 (ACC1) catalyzes the synthesis of malonyl-CoA, the committed step toward de novo synthesis of long-chain fatty acids from acetyl-CoA (1) . Deletion of ACC1 in mice resulted in embryonic lethality, indicating that fatty acid synthesis is essential for embryonic development (2) . To understand the importance of de novo fatty acid synthesis and the role of ACC1 in adult mouse tissues, we generated tissue-specific knockout mice using the Cre-loxP system (3). Mice with liverspecific knockout of ACC1 (LACC1KO) fed normal chow did not exhibit any significant physiological differences from wildtype (WT) mice (3) . But when fed a fat-free diet, they accumulated significantly less triglyceride (TG) in the liver compared with their WT cohorts. Although inactivation of ACC1 resulted in 70-75% lower ACC activity in the liver, it did not affect either glucose homeostasis or hepatic fatty acid oxidation (3) . When the LACC1KO mice were fed a fat-free diet for 10 days, there was an upregulation of PPAR␥ and several lipogenic enzymes in the liver, including a 2-fold increase in fatty acid synthase (FAS) mRNA, protein, and activity. However, syntheses of fatty acid and TG were reduced significantly. Upregulated ACC2 gene expression did not compensate for the loss of ACC1 function, an observation similar to that noted in Acc2 Ϫ/Ϫ mice in which the cytosolic ACC1 did not compensate for the mitochondrialassociated ACC2 and its product malonyl-CoA (4).
Adipose tissues are active lipogenic and fat storage tissues, and white adipose is an important endocrine tissue secreting critical hormones and factors such as leptin, adiponectin, and TNF-␣ (5). The role of ACC1 in adipose function and energy homeostasis is still unknown. To identify the role of ACC1 in adipose tissue, we generated adipose (fat)-specific ACC1 knockout (FACC1KO) mice by breeding ACC1 lox/lox mice with aP2-Cre mice (6) . Expression of Cre was driven by the adipocyte protein 2 (aP2)-fatty acid binding protein 4 (FABP4) promoter, which is active predominantly in adipose tissue. We were surprised to find that FACC1KO mice showed prenatal growth retardation with impaired bone development, revealing a function of ACC1 in bone homeostasis.
Results
The generation of the floxed ACC1 allele-containing mice has been described earlier (3) . The mice (ACC1 lox/lox or lox ϩ/ϩ ) were bred with aP2-Cre mice (6) to disrupt ACC1 expression in adipose tissue. ACC1 exons were numbered according to the assumption that the first codon is located in exon 5, which is highly conserved among ACC1 genes in mammalians including human (7) (8) (9) (10) (11) . Two loxP sites were positioned to flank ACC1 exon 22, which encodes the biotin-binding domain containing the -Met-Lys-Met-motif. The aP2-Cre ϩ /lox ϩ/Ϫ mice were interbred to generate aP2-Cre ϩ /lox ϩ/ϩ mice as adipose (fat)-specific ACC1 knockout (FACC1KO) mice; the aP2-Cre Ϫ /lox ϩ/ϩ mice were used as WT controls. Adipose-specific rearrangement of the ACC1 gene in the presence of the floxed locus and aP2-Cre was confirmed by RT-PCR analyses using primers derived from exons 21 and 24, a 299-bp fragment indicating the deletion of 135-bp exon 22 in white adipose tissue (WAT) and in interscapular brown adipose tissue (BAT) but not in liver (Fig. 1A) . ACC1 gene rearrangement also occurred in the peritoneal macrophages (M) and bone marrow (BM), but the efficiency of Cre was less than that in the adipose (Fig. 1 A) . The DNA fragment, 299 bp, was not detected in the corresponding tissues of the WT mice ( Fig. 1 A Lower) . qRT-PCR measurements show that the efficiency of deletion of the ACC1 exon 22 is about 50-85% in mutant mouse adipose tissue. These values compare well with the loss of Ͼ60% ACC activities in the white and brown adipose tissue of FACC1KO mice (Fig. 2B) .
The food intake of WT mice and mutant mice was similar (4.1 Ϯ 0.1 g/day vs. 4.2 Ϯ 0.2 g/day per mouse, P ϭ 0.69). But the most apparent phenotype of FACC1KO mice is prenatal growth retardation; this is evident after birth in body length and body weight, and becomes distinct at weaning age; 3-week-old male FACC1KO mice weighed 33.5% less than their WT littermates (6.92 Ϯ 0.23 g vs. 10.42 Ϯ 0.25 g, n ϭ 9-14, [P Ͻ 0.0001]). When fed normal chow, FACC1KO mice grew at a rate similar to that of WT mice (Fig. 1B) . At 4 weeks of age, FACC1KO mice weighed approximately 30-40% less than WT mice (Fig. 1C) . The skeletal preparation of 7-day-old FACC1KO mice showed overall shortening of all bone elements but with no overt patterning defect (Fig. 1D ). Femur and tibia length in FACC1KO mice was approximately 15% shorter than in WT cohort mice.
The litter size and the ratio of FACC1KO mice to the total litter size-201 pups, 29 males and 28 females, in the first 28 litters (Ϸ28%)-indicated that homozygous disruption of ACC1 in adipose tissue had no deleterious effect on embryonic development and survival; FACC1KO mice were normally fertile. However, the FACC1KO mice exhibit higher lethality around weaning age, 3 to 4 weeks old. While approximately 45% of the males (13 out of 29) and approximately 21% of the females (six out of 28) died, no WT pups died. Autopsies revealed that the dead FACC1KO mice had little or no body fat. The cause may have been their inability to nurse well because of their smaller size, or this group of mice may represent a different phenotype; further investigation is needed. The surviving mice have been studied in detail and are reported in this paper.
Histological analyses of WAT and BAT using hematoxylin and eosin (H&E) staining showed that the adipocytes from both FACC1KO and WT mice accumulated lipids, this indicated that no defect exists in adipocyte differentiation (Fig. 1E) . Body composition analyses of 7-week-old male FACC1KO mice compared with WT mice revealed a loss of 16.8% of lean mass (16.4 g vs. 19.7 g, respectively) and a loss of 24% of fat mass (1.9 g vs. 2.5 g, respectively). However, the ratio of either lean mass or fat mass to body weight is not significantly different between the two groups of mice (Fig. 1F) ; this suggests that the differences in total body weight are caused principally by the differences in overall animal size, that is, body length.
Lipogenesis in primary adipocytes from epididymal WAT was analyzed by [ 14 C]-acetate incorporation into the total lipid; no differences were found between FACC1KO and WT mice (Fig.  1G) . Additions of 100 nM insulin caused a 2.5-fold increase in lipogenesis in both groups, indicating that fatty acid synthesis is not impaired in FACC1KO mice fed a normal diet. Because ACC1 is a rate-limiting enzyme for fatty acid synthesis, this unexpected result may be explained by the inefficient Cremediated cleavage of loxP sites. The remaining ACC1 activities may be sufficient for fatty acid synthesis, especially because ACC1 is highly regulated allosterically and by phosphorylation and dephosphorylation.
The fat in adipose tissues comes from two sources, dietary fat and de novo synthesis from dietary carbohydrates. To exclude interference from the dietary fat, we fasted 15-to 16-week-old male mice (n ϭ 5) for 2 days to lower fat synthesis; we then fed them a fat-free diet for 2 days. The mice were killed, and various tissues were isolated and weighed (Fig. 2 A) . The weights of epididymal WAT and intrascapular BAT of FACC1KO mice were 58% less (P ϭ 0.03) and 33% less (P ϭ 0.01), respectively, than those of WT mice. Because FACC1KO mice are generally smaller than WT mice, the ratio of tissue weight of kidney, liver, and spleen to body weight was not significantly different ( Fig.  2 A) . However, the WAT to body weight ratio was 50% less in FACC1KO mice than in WT cohort mice (0.39 Ϯ 0.08% vs. 0.78 Ϯ 0.06%, respectively, P ϭ 0.01); the BAT to body weight ratio was only 20% less in FACC1KO mice than in WT mice (P ϭ 0.08) (Fig. 2 A) . The activities of ACC and FAS in both adipose and liver tissue were also measured. Because the amount of fat tissue in individual mutant mice was very low, the fat tissues from five mice were combined and the ACC and FAS activities were measured. In the combined WAT the ACC activity in FACC1KO mice was 50.5% less than that in WT mice. Similarly, in the combined BAT the ACC activity of FACC1KO mice was 66.2% less than that in WT mice (Fig. 2B) , because the deletion of the ACC1 exon 22 by Cre is less than 85% (Fig. 1 A) , the residual ACC1 activity and the intact activity of ACC2 represented the overall ACC activity observed in the adipose tissues. However, there was a minor reduction, 9.8%, of ACC activity in the liver of FACC1KO mice and no difference in FAS activity was found between FACC1KO and WT mice livers (Fig. 2C) , suggesting that hepatic FAS was not increased to compensate for the reduction of ACC1 levels in adipose tissue. These results were confirmed by using a group of 18-to 19-week-old female mice (n ϭ 8-9) that were treated as described above, and the adipose tissues were pooled for ACC activity measurement. Consistently, the ACC activities in WAT and BAT in FACC1KO mice compared with WT mice were less 64.4% and 57.9%, respectively. ACC activity in the liver of FACC1KO mice compared with WT mice was only 6.5% less. Lower ACC activities lead to a decreased accumulation of lipid in adipose tissues, as shown in the H&E staining (Fig. 2D) . qRT-PCR analyses of the gene expression in WAT revealed that the ACC1 mRNA level in FACC1KO is only 57% less than WT mice (Fig. 2E) ; this is consistent with the 50.5% lower ACC activities observed in WAT in FACC1KO mice. ACC2 expression is slightly upregulated because it is a minor isoform, less than 10% of the amount of ACC1, and it will contribute minimal ACC activity since its malonyl-CoA is associated with the mitochondrial membrane and does not mix with that generated by ACC1 (4). Other adipocyte differentiation markers such as PPAR␥, aP2, and resistin are downregulated only, between 10 and 20% in the WAT of FACC1KO mice. However, when fasted 2 days and re-fed a fat-free diet for 2 days, leptin gene expression is 80% lower in FACC1KO mice than in WT mice (Fig. 2E ). This reduction in FACC1KO mice compared with WT mice is correlated with the decreased serum leptin level (1,445 Ϯ 153 pg/mL vs. 3,007 Ϯ 391 pg/mL, respectively, n ϭ 5, P ϭ 0.01).
Reduced Chondrocyte Proliferation and Bone Formation in FACC1KO
Mice. To determine whether the growth retardation in FACC1KO mice is caused by a defect in chondrocyte function in the growth plate, we performed a bromodeoxyuridine (BrdU) incorporation assay on the tibia growth plates of the postnatal day 2 and their WT littermates (Fig. 3A Left) . The data show that BrdU positive chondrocytes in the proliferating zone of the FACC1KO growth plate were about 30% lower than those in the WT littermates (14.45 Ϯ 1.05%, n ϭ 3, vs. 20.43 Ϯ 0.88%, n ϭ 6, respectively, Fig. 3A Right) . Dynamic histomorphometry by calcein double staining showed that the bone formation rate was lowered in the FACC1KO mice compared with the WT mice (Fig. 3B) . These results suggest that decreased proliferation in growth plate chondrocytes causes the shortening of bone elements in the FACC1KO mice.
Insulin-like growth factor I (IGF1) plays an important role in bone formation. We found that the skeletal phenotype of FACC1KO mice partially phenocopied that of IGF1 knockout mice: short stature, decreased proliferation in growth plate chondrocytes, and lower bone density (12, 13) . When we measured the IGF1 level in 6-week-old FACC1KO mice, we found that serum IGF1 levels are reduced by 20% in male mice and 40% in female mice (Fig. 3C) , suggesting that lowering ACC1 levels in adipose tissue may impact IGF1 production in adipocytes, leading to skeletal dysplasia. However, since the aP2-Cre is expressed also in macrophages and osteoblasts that are derived from the same hematopoietic progenitor cells, we hypothesized that deletion of ACC1 gene in macrophages or osteoblasts may contribute to the bone phenotype in FACC1KO mice. Further investigations are underway to clarify this assumption and determine the molecular mechanism. It is of interest to note that adipose tissue-derived hormone, leptin, with diverse effect as a potent inhibitor of bone formation acting through the central nervous system (14, 15) . However, we found that serum leptin level in 6-week-old FACC1KO mice is 35% lower in males and 55% lower in females (Fig. 3C) . However, at these relatively low levels, leptin did not counteract the osteopenic effect of IGF1. Serum glucose levels of FACC1KO and WT mice are not significantly different, indicating that ACC1KO in the adipose tissues does not affect glucose homeostasis. mutants and WT male cohort mice were analyzed. The bone of the mutant mice weighed 33% less than WT mice. The fatty acid composition of the lipids, expressed as Mol %, showed that the FACC1KO mutant mice have different compositions than WT mice (Table S1 ). Saturated fatty acids, C16:0, C18:0, C20:0, C22:0, and C24:0 are 24%, 40%, 15%, 45%, and 45% lower, respectively, in the mutant mice than WT mice. Monounsaturated fatty acids, C16:1, C18:1, and C20:1, are higher while C22:1 and C24:1 are significantly lower in the mutant than WT. The Mol% of linoleic acid, C18:2n-6, and ␣-linolenic acid, C18:3n-3, the potential precursors of eicosanoids, are significantly higher, 27% and 71%, respectively, in the mutant than WT (Table S1 ). Arachidonic acid, C20:4n-6, the precursor of prostaglandin E 2 is 35% lower in FACC1KO bone lipids than WT cohort mice.
FACC1KO Mice Show Decreased Osteoblastogenesis.
High-resolution X-ray computed tomography (CT) analyses of lumbar sections of 6-week-old FACC1KO mice revealed mark decreased bone volume with increased medullary cavity space (Fig. 4A ). This finding is consistent with results from Von Kossa staining of plastic-embedded lumbar vertebrae (Fig. 4B ). In addition, in FACC1KO mice compared with WT mice, bone histomorphometry showed 36.7% lower trabecular bone volume density (BV/ TV) and 26.6% lower trabecular thickness (Tb.Th) in FACC1KO mice compared with WT mice, (Fig. 4C ). Combined and cooperative activities of osteoblasts (for bone formation) and osteoclasts (for bone resorption) determine the impact on the bone architecture (16) . Toluidine blue staining on the plastic-embedded slides of 6-week-old mouse vertebrae L5 showed fewer osteoblasts in FACC1KO mice compared with WT cohort mice, that is, 44.1% less for osteoblast surface per bone surface, Ob.S/BS, and 41.1% less for number of osteoblasts per bone perimeter, N.Ob/B.Pm, (Fig. 4 D and F) . Then new trabecular bones extended from the hypertrophic zone of growth plate had the most active bone formation activity. In this area of the WT samples, the active osteoblasts arrays covered the majority of the trabecular surface (Fig. 4D , red line denotes covered surfaces). However, in the same area of the FACC1KO samples, far fewer osteoblast surfaces are covered (Fig. 4D) . In contrast, tartrate-resistant acid phosphatase, TRAP, staining revealed that the osteoclast number was not significantly different between FACC1KO and WT mice (Fig. 4 E and F) . In the 5-day-old FACC1KO pups, RT-PCR analyses of total RNA from isolated osteoblasts revealed that ACC1 exon 22 is deleted in the osteoblasts; this is also confirmed by PCR analyses of genomic DNA from calvaria which show the deletion of the ACC1 gene (Fig. 4G) . Furthermore, qRT-PCR analyses showed expression in the calvaria of some osteoblast differentiation markers (17)-such as ␣1 (I) collagen; Alp, alkaline phosphatase; osteocalcin; Runx2; IGFBP5, IGF1 binding protein 5; BMP2, bone morphogenic protein 2; and osteopontin were down regulated (Fig. 4H) -which confirmed that the aP2-Cremediated ACC1 deletion modulates osteoblast differentiation and/or formation. These results indicate that ACC1 plays an important role in osteoblast formation or differentiation in FACC1KO mice, and that a decreased number of osteoblasts appear to be the major cause of osteopenia and prenatal growth retardation.
ACC1 has been thought to be a good target for the drug treatment of obesity (18, 19) . To test whether the disruption of ACC1 in adipose tissues would inhibit diet-induced obesity, 2-month-old male mice were fed a high fat/high carbohydrate (HF/HC) diet for 10 weeks. The FACC1KO mice which weighed less at the beginning of the HF/HC diet, gained as much weight as WT cohort mice, and they eventually became obese. There were no differences between FACC1KO and WT mice in blood parameters of glucose, TG and cholesterol. Oil red O staining of liver sections showed overloaded lipid in both groups. These data suggest that aP2-Cre-mediated inactivation of ACC1 in adipose tissue could not prevent diet-induced obesity and hepatic steatosis. Discussion ACC1 knockout mice, FACC1KO, were generated by intercrossing aP2-Cre transgenic mice with ACC1 lox/lox mice. aP2 is expressed predominantly in adipose, cartilage tissue, vertebrae, and macrophage (20) (21) (22) . Under lipogenic conditions of fasting/ re-feeding fat-free diet, knockout of ACC1 in WAT and BAT led to decreased ACC activities and decreased accumulation of lipid as compared with WT mice. However, a HF/HC diet induced obesity and hepatic steatosis in both FACC1KO mice and WT mice, indicating that inactivation of ACC1 does not prevent diet-induced obesity. This finding can be explained by the incompleteness of the Cre-mediated excision of the ACC1 gene; the remaining ACC activities are enough to trigger fatty acid synthesis, especially since ACC1 is highly regulated allosterically by and phosphorylation. Interestingly, the FACC1KO mice showed prenatal growth retardation and weighed less after birth; this was accompanied by decreased chondrocyte proliferation in the growth plate and associated with lower trabecular bone density. Bone growth and homoeostasis is achieved by modeling and remodeling that are carried out by primary skeletal cell types-chondrocytes, osteoblasts, and osteoclasts-which are responsible for the formation of cartilage and bone (16) . These cells are influenced by many regulatory hormones and molecules. Interruption in their regulations lead to impaired bone homeostasis which results in different bone diseases (16) . FACC1KO mice showed decreased amounts of serum IGF1 and leptin (Fig. 3C) . IGF1 has two important functions in prenatal and postnatal skeletal development. First, IGF1 is essential for the embryonic development of bone; it regulates and coordinates chondrocyte proliferation, maturation, and apoptosis to form endochondral bones of appropriate sizes and strengths (12) . IGF1 deficiency in mice resulted in markedly reduced chondrocyte proliferation, severe dwarfism of the axial and appendicular skeleton, and reduced mineralization of the spinal column (12) . Second, IGF1 is required for normal embryonic and postnatal growth in mice (22) (23) (24) . Compared with their WT littermates, heterozygous (IGF1 ϩ/Ϫ ) mice have 37% lower levels of IGF1, and they are 10-20% smaller. The lower level of serum IGF1, the small skeleton size, the shortened long bone lengths, and the lower chondrocyte proliferating rate of FACC1KO mice all mimic the phenotype of IGF1 knockout mice. It is interesting that earlier studies showed that liver-specific IGF1 deletion resulted in 75% lower circulating IGF1 but did not affect the overall growth of these mice (25, 26) . The discrepancies between our study results and the results of the liver IGF1 specific deletion studies may be explained by development stages of the deletion-results of either the timing or cell type of the deletions. The albumin-Cre are expressed relatively later during development, while aP2-Cre is expressed at very early stages during embryonic development leading to growth retardation in FACC1KO mice. Moreover, because the ACC1 deletion occurs within bone, a potential paracrine effect cannot be ruled out. Leptin, which is expressed and secreted from adipocytes, plays an important role in regulating the energy expenditure, body weight, and bone mass in animals (27) (28) (29) . In addition, it negatively regulates osteoblasts and the formation of bones through a hypothalamic relay (15, 30) . Inactivation of ACC1 in FACC1KO mice led to decreased serum leptin, which is consistent with the previous report that ACC inhibitor benzafibrate decreased leptin release from primary adipocytes (31) . It is of interest to note that the decreased leptin levels in FACC1KO mice could not overcome decreased IGF1 levels; possibly because of its relatively decreased levels of about 30-50%, which may not be low enough to reverse IGF1 effects. Alternatively, loss of ACC1 in osteoblastic tissues caused a cell autonomous effect that could not be overcome by upstream signaling.
We found that ACC1 is also mutated in the osteoblast of FACC1KO mice and several osteoblast-specific markers were downregulated (Fig. 4G) . The relatively lower ACC1 in osteoblasts might have affected the synthesis and the chain elongation of fatty acids especially those of the very long chain fatty acids; as shown by the relatively lower Mol% of C20 homolog and higher Mol% of their precursors linoleic and linolenic acids in the FACC1KO mutant compared to their WT cohorts (Table  S1 ). The number of the osteoblast cells was reduced and their specific marker genes such as a1 (I) collagen, Runx2, and osteocalcin were downregulated in the mouse calvaria, indicating that ACC1 exerts its regulation directly on osteoblastogenesis. The decreased number of osteoblasts may have a major effect on bone formation in FACC1KO mice. This study provides evidence that ACC1, a lipogenic enzyme, has a direct impact on bone homeostasis.
Recently, Karsenty and coworkers have established a link between bone and energy metabolism (32) . They discovered that bone is an important organ, which endocrinally regulates energy metabolism. Adipose-derived hormone leptin regulates the bone formation (15) , and reciprocally bone regulates glucose homeostasis and fat metabolism through bone-specific hormone osteocalcin (32) . Deficiency of osteocalcin exhibited abnormally high amount of visceral fat. We found the gene expression of osteocalcin in the bone of FACC1KO mice was lower, but the glucose homeostasis and adiposity were not changed. This discrepancy probably is due to the low efficiency of aP-Cre and ACC1 activities were not completely abolished in osteoblasts or adipose tissues.
Finally, ACC1 and its isoform ACC2 have become pharmaceutical targets, of concern for the inhibition of lipid accumulation and the prevention of hepatic steatosis and obesity (18, 19) . Present results showed that inactivation of ACC1could not protect the mice against diet-induced obesity or hepatic steatosis. Instead, the interruption of the function of ACC1 resulted in bone defects that need to be considered in targeting the carboxylase. ACC2 knockout mice have been shown to be a good model for the inhibition of lipid accumulation in liver or adipose tissue through continuous fatty acid oxidation (4); therefore, the development of a selective inhibitor to ACC2 appears to be a viable approach for identifying a pharmacological product targeting diet-induced obesity and diabetes (33) .
Materials and Methods
Animals. Mice C57BL/6J and transgenic mice expressing Cre recombinase under control of rat aP2 promoter (aP2-Cre mice) were purchased from The Jackson Laboratory (16) . The generation of C57/BL/6J mice containing the floxed ACC1 allele were bred with aP2-Cre to generate aP2-Cre ϩ /ACC1 lox/lox mice, thereafter referred to as FACC1KO mice. Mice were fed a regular diet (PicoLab 5053) or, when indicated, a fat free diet (MP Biomedicals, catalog no. 901683) or a HF/HC diet (Bioserv, catalog no. F3282) (3).
Analyses of ACC1 and FAS Activities in Liver and Adipose Tissues. Liver, epididymal WAT, and interscapular BAT tissues resected from mice were snap frozen and ground to powder in liquid nitrogen. The powdered tissues were suspended as previously described (34, 35) , and suspended tissues were homogenized using Polytron and the extracts were centrifuged at 35,000 ϫ g for 20 min. The supernatant fluid was treated with ammonium sulfate to 45% saturation, and the precipitated proteins were collected by centrifugation (60,000 ϫ g for 30 min) and dissolved in a buffer containing 50 mM HEPES (pH 7.5), 0.1 mM DTT, 1 mM EDTA, and 10% glycerol. The suspensions were clarified by centrifugation and assayed for ACC and FAS activities (36, 37) .
Blood Metabolite Assays. Measurement of glucose and ␤-hydroxybutyrate (ketone) levels in whole blood, and insulin, TG, cholesterol, and NEFA levels in serum samples were performed (3). Serum leptin and IGF1 levels were measured using mouse leptin ELISA kit (Crystal Chem Inc.), and mouse IGF1 EIA kit (Diagnostic Systems Laboratories) according to the manufacturers' instructions.
Body Composition. Dual-energy x-ray absorptiometry was used to measure fat body mass and lean body mass components in live mice. Mice used for X-ray absorptiometry were anesthetized and scanned two times with a Lunar PIXImus densitometer.
Histology for Liver and Adipose Tissues. Adipose tissues were fixed in 10% neutral buffered formalin and embedded in paraffin, and 5-8-m sections were cut and stained with hematoxylin and eosin. Livers frozen in Tissue-Tek OCT (Sakura Finetek) were stained with Oil Red O to identify the neutral lipids.
